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THE STATUS OF EVIDENCE BEARING ON OPTIMUM SIZE FOR
FIRST CAPTUHL (F ICNAF SUBAREA &+ COD
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Abstract

A 10-year study of ICNAF subarea 4 c¢od has demonstrated
that slzes, abundance and landings are controlled by the environ-
ment and by fishing. BSpecilal emphasis has been given to the cod
fisheries of subdivisions LT and LX, but the results are belleved
ggnbe ;pplicabla to the whole subarea, west of the Laurentian

nnel . '

‘Landings depend in part on the sbundance of year-clasgses.
Yoar-class strength 1s related to water temperatures during early
doIglop:ont. Gocd year-classes have been produced in relatively
cold yedrs.

. The growth rate of cod 1s of considerable importanee as
a limiting factor on landings. An increase in cofl growth in 1955
and 1956 in subdivision 4T was coincident with a herring disease,
hoferl, and with a reduced density of cod. The
] e resulted in record landings of cod.

Landings have been positively correlated with Janded
price of eod. Aadverse economic conditions have reduced landed
price and landings. :

Construction of models of the fisherles shows that
landings ¢an be expecied to decrsase when size at first capture
is too small, or when fishing intensity is too high. Optimum size
for first capture 1s estimated to be considerably higher than thes
50% retention length of = L4} inch mesh. Optimum fishing intensity,
for high catch-per- it -offort consistent with maximum landings, 1sa
caloulated to be lower than that of the 1950's, at comparable
sizes for first capture.

The large increases in sizes, abundance, and landings
of subarea 4 cod at the end of World War II, following a pericd of
reduced otter trawling, are consistent with ths changes expected
from the study of modeia.

It is contended that adoption of a W4 inch mesh size
for subarea 4 cod is only a firgt step in international manage-
ment, and that as a second step a mesh size of 5k to 6 inches 1s
belleved to be desirable and practical. Equivalent restriction of
hock and line fishing may also be required,

Methods of measuring the effects of regulations require
speclal emphasis in the research program. '

A2



Millions Pounds -- Round Fresh

4504
200
400+ 1180
!
!
350 ;5-160
i
300+ l‘-lho
=120
2504
100
2001 CANADA —
(Exel. Nfld.)
80
3
150.
L 60
1004
L Lo
’o— -
. ’°I -
70 20
I 1 i 1 1 H 1 1 i 1 P [ i 1 Fl I
138 ho Lo Ll thg 148 '50 150 15k,
Flgure 1. Cod landings for the years 1938 to 1955 from subarea b

(excluding subdivision 4R) in Canada, Eurcpe (France,
Portugal, and Spain), United States. Combined landings

are shown as total.
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In 1955 the International Commission for the Northwest
Atlantic Filsheries recommended a 44 inch mesh size for cod and
haddock fishing in subarea 4. This mesh regulation was proposed
to increase landings from these fisheries. Adoption of this
mesh regulation will release large numbers of small, fast=growing
fish at sizes which were previously caught and discarded at gsea
because they were unmarketabls. It is expected that many of
these figh will iive and grow to augment the landings of
marketable sizes.

This paper contends that adoption of a 44 inch mesh is
only a first step in making better use of the subarea i cod
stocks. The status of evidence bearing on optimum size for first
capture of two stocks of cod is considered. A discussion of
various mesh and hook sizas indicates that a further increase
in size at first capture of subarea 4 cod is a practical
possibility. Finally, a number of research problems are pro-
posed for action before the Commission takes additional steps
in the management of subarea % cod,

- Gukarea Y landings

Annual landings of cod from subarea % have varied
widely. Landings for the period 1938 to 1955, as recorded in
ICHAF Statistical Bulletins; are plotted in Figure 1. Cod from
subdivision 4R have been excluded since they are part of the
different cod stocks which live east of the Laurentian Channel
in subarea 3 (Templeman, 1955). Canada, United States and
three Ruropean countries, France, Portugal and Spain, have
shared the catch in the proportions shown. The Canadian
statistics are based on landings from subarea & in Canada,
excluding Newfoundland, This is reasonable becauge most of
the Newfoundland landings from subarea b were taken from sub- -
division 4R, and landingas in other Canadian Atlantic provinces
from subdivision LR were negligidle. Total United States
landings from subarea 4 are shown. Here again, landings from
subdivision 4R were very small. It has been neceasary to
estimate most of the European landings. Landings for 195% ang
1955 have been reported by subdivisions, and combined landings
from all subareas are available for the whole period., On the
basis of percentages landed from subarea i (excluding 4R) in
195% and 1955, landings for the years 1938 to 1953 have been
estimated to io_?’ of the total landings, Landings by Latin
‘countries from subarea L4 are known to have been small during
‘war years. Total landings of cod from subares 4 (excluding
subdivision 4R) are recorded as the sum of these reported and
estimated gtatistics,

These total landings are shown again, in relation to
slzes landed and abundance indices, in Figure 2. Annual
variation in sizes landed is indicated by the percentage of
large cod {over 10 pounds, head-on, gutted wolght) in United
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States landings from subarea 4. Individuai trip reports for
Canadian otter trawlers (151 to 500 groas tons) provided

indices of abundance for steak (over 10 pounds, head-on, gutted
we;ght), market (2.5 to 10 pounds) and scrod (iaS to 2:% pounds)}
cod.

During war years total fishing effort decreased
sharply and this was particularly true for otter trawlers. .Most
of the European fishing in the southern part of the Conventien
Area was by Portuguese dory schooners, and little of this wak:
carried out in subarea b, United States otter trawlers fisNeh
less in subarea 4, especially in 1942 and 19%43. The five - :
Canadian ottey trawiers which were in operation before the _ B
worscdiverted from fishing during the early war years. Canédisn
otter trawling did not start to expand until 1945,

At the end of the war Canadian line fishermen landed
more cod per gear from subarea 4 than all countries combined
landed in 1938 or 1955. The abundance of cod, as measured by
average landings per weekly trip of otter trawlers, increased
to a peak in 1944. Average landings per trip of steak cod were
higher then than the average landings per trip of all size
categories of cod in the years 1951 to 1953. The proportion
of large cod in United States cod landings from subarsa b
increased during war years and reached about 50% by weight
during the years 1946 to 1948,

To sum up, high total landings, high individual
catches, and large sizes of cod were taken from subarea 4 at
the end of World War II.

A number of explanations for this peak in the cod
fishery have been considered:

(1) Gordon (1955) has shown that Canadian landings of

cod have been correlated with economic factors. During
depression years, in the 1930's, landed price and landings
were low for cod. During war years landed price and
landings were high. Ee pointed out that the economie
relationship was tentative, and that other ecyclical
changes were observed which could not be attributed to
fluetuations in economic factors.

5 and Lausier (1956) have shown that the

) MeLellan ,

1o ¢f haddock to cod landings for subarga.l has .

etumted annually in a manner similar te¢“c¢hianges in :
water temperature on the Scotian Shelf. The relationship
is consistent with the known preference of cod for colder
water than that favoured by haddock.

(3) Changes in distribution, recruitment, and growth of
cod may have resulted in the peak landings of cod. Large
varlations in all three factors have been observed in
othar areas with resultant effects on landings.
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() The situation resembles that of some of the
groundfish of the North Sea immediately following each
World War (Graham, 1956) when landings, abundance and
siges of fish all increased following a period of
greatly reduced fisfing effort. Fishing effort d4id
not change as drastically in subarea 4 during war years
as in-the North gea. -Diter trawling declined to a
very low level iifthe middle of the war, the amount of
line fishing gear, as réported in Misheries Statlistics
of Canada, decreased, but remained large enough in
subarea 4 to maintain landings at a level equal to
that of total landings in 1938 or 1955 when inter-
national fishing with all types of gear was much more
intensive.

(5) The high relative importance of line fishing during
war years meant that the size of cod at first capture
was larger then than during the post-war period. By
195% over half the cod catch was taken by small-meshed
otter trawls, and the size at first capture was
considerably smaller than it was during war years

when otter trawling was of 1little importance in the
fishery.

The subarea 4 cod stocks were not studied biologically
during war years, and the relative importance of these various
factors is not known. However, subsequent investigations of
thelr effects on the quantities and sizes of cod landed from
subarea Y have provided background for interprstation of earlier
fluctuations, and for prediction and management of the cod
fishery. 8ome of the results of these cod studies are considered
in this paper.

ERY
Landingg by subdivisions

The subarea 4 cod-fishing grounds are divided by
tortuous land masses, and by deep-water gulfs amd gullias,
into a number of dis%inct regions. 8outh of Kova Bcotia
inshore grounds are separated from offshore groundl, and
offshore grounds are divided into a number of banks. In the
Gulf of St. Lawrence there is an extensive ghoal-water fishing
area eéxtending from Cape Breton Island to the Gaspd Peninsuls.
Extensive studles of vertebral counts (McKenzie and Smith,
1955) and tagging (McEKenzie, 1956) have shown that these
varicus rishing grounds support a number of cod populations.
Separate inshore cod populations are found off western,
central, and eastern Nova Scotia. On offshore Nova Scotia
banks cod populaticns are similarly divided. Gulf of St.
%:wrence cod are distinct from these Nova Scotlan cod popula-

ons.

The statistical subdivisions of subarea 4 conveniently
separate the major cod stocks along the southern Canadian main-
land, and further discussion of cod populations will use these
terms of reference.
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The quantities of cod landed by gear and by country
from the various subdivisions of subarea % in 1954 and 1955
are shown In Figure 3. Cod has been an important commercial
gpecies in all subdivisions. The smallest landings were taken
from subdiviasion 48 and the largest landings from subdivision

Otter trawling has become increasingly.important
during the post-war perlod. More than half the lapdings were
taken by otter trawlers in 195%, and additional smaXl guantities
were landed by similar gear, Spaniszh pair trawlers. The )
remainder were taken by miscellaneous fishing, mainly by inshore
hook and 1line gear (longlines and handlines with baited hooks).
Dory schooners, jigs, and a few trap nets contribtuted small
percentages of the miscellaneous landings. Mudh of the line
fishing, which was of primary importance during war years, has
been replaced by otter trawling. o

Most of the Thnited States cod landingas were taken by
otter trawlers frOIaﬂﬂhﬂig%lidhlhx. Trawlers f¥em France,
Portugal and Spain fished during spring months in deep water -
along the Laurentian Channel, and took large catches from
subdivisions 4§, Wk and 4V.

Ca ihing accounted for a large share of the
c¢od landings m “subdivisions. JIn subdivision 4T there
has been s rapid post-war conversion from line fishing craft
to draggers (small otter trawlers of 26 to 50 gross tons).
Howaver, inshore line fishing has continued to be important in
subdivizion 4T, particularly along the Gaspd coast of Quebec.
In subdivision 4X cod have been mainly caught on rough bottom
with baited hooks. Adoption of longlining with power haulers
has increaped the efficlency of line fishing there since the
end of World War II.

Bioclogical investigations of the cod fisherles off
Caraquet; ‘N. B., in subdivision 4T, and off Lockeport, N. 5.,
in subdfvision 4X, have provided detailed information on
geographic and annual variations in the cod landings from
subarea 4. In both cases, studles have been carried out from
the principal landing por% in a subdivision where Canadian
rishing accounted for most of the total cateh. Since about
half the cod taken west of the Laurentian Channel in subarea L
have come from these two subdivisions, the results undoubtedly
apply to the whole subarea. The blological characteristics
of cod from subdivisions 4V and YW are intermediate between
thbse of WP and 4X. The following two sections will deal with
some of the results of the studies of subdivisions 4T and 4X
cod.

A cod

. Most of the cod caught in subdivision 4T have
been lahded in Canada, and most of these Canadian landings havse
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been in the provinces of Quebec, New Brunswick and Princs
Edward Island. Landings from other subdivisions in these
provinces have been small. Statistics of cod landings in
Quebec, New Brunswick and Prince Edward Island for the years
1913 to 1956 are shown in Figure “. The annual variations are
believed@ to be of the same order as annual variations in total
landings from subdivision LT.

Annual landings were lowest in 1937 and highest inm
1918, 1946 and 1956. Landings were relatively low during
depression years, and relatively high during the latter part
of each World War. Shorter-term variations in landings were
also large. Landings in 1956 were almost double those of 1954.

Landings in New Brunswick during the past 10 years
(1947 to 1956) are shown in Figure 5. Most of the New Brunswick
cod have been landed along the northeast shore of the grovinceg'
in Gloudester County. Landings there increased in 1946, befgre
draggers were Introduced to the Gloucester County fishery in -
1947 (Figure 4). By 1954 the line fishery took only about 20%
of the New Brunswick landings, and draggers landed the other
B0%., DPuring this conversion from line fizshing to dragging,
total cod landings in Gloucester County remalned fairly steady
at abgut 20 million pounds per year until 1954, Landings then
increased to 39 million pounds in 1956. Duririg the expansion
of the dragger fleet, landings per wesk of fishing by "Gloucester"
class draggers decreased from 39 to 21 thousand pounds (Figure 5).
In 1956 this abundance index increased again te 27 thousand
pounds .

Giges and ageg. The average sizes and ages of cod landed
by Caraquet draggers varied a great deal during this 10-year
period (Figure 5). During the years 1947 to 1951 the cod were
relatively large (aversge 5 pounds) and old (average 8 years).
Average size and age decreased in 1952, and according to
Marcotte (1955) decreased substantially from 1952 %o 1953. Our
sampling was incomplete in 1953 and 1954. In 1955 cod were
similar in size to those landed in 1952, but they were faster-
growlng cod, averaging about one year younger. In 1956 growth
continued to be rapid. Average size of dragger cod was the
highest in 10 years, but the average age was lower than that
observed in the years 1947 to 1952,

The sigzes and ages of cod landed by draggers at
Caraquet are shown in greater detall in Figure 6. During the
years 1948 to 1950 many age groups were represented in the
landings, and average size and age increased slightly as the
dominant 1%1 year-class passed through the fishery. In 1951
younger age groups became more lmportant, and the proportion
of serqg cod ipncreased. In 1952 and 1955 the dominant age
whks 5-yedr-oldifish. 1In 1956 average age increased by
a year, and the dominant size group was S-pound cod.

¢ o« In 1956 the regular sampling for length

composition of commercial landings of cod at Caraquet was
supplemdnted by sampling of the sizes and relative numbers of
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at Caraquet, N. B., from subdivision 4T during the months
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cod discarded at sea from commercial draggers. Five trips were
made on draggers (55-75 feet) to Bonaventure Island and Orphan
grounds (30-125 fathoms). Two trips were made on smaller
draggers (45-49 feet) to Chaleur Bay and Shippegan Gully grounds
(20-45 fathoms). 1In all cases the mesh size was 3% inches
between knot centres, new, 100/3 strand manila, or about 2 7/B
inches, inside, stre%ched, ugsed, wet measure. The results are
aummarized in Pigure 7. The percentages of cod dlscarded were
18 by number and 4 by weight for the deep-water, large-fish,
large-dragger tripa, and 55 by number and 1k by weight for the
shoal-water, small-fish, small-dragger trips. Most of these
cod wére dead or beyond recovery when rejected at sea as
unmarketable fish.

« Cod were tagged in the Caraquet area in 1955 to
provide information on movements and mortalities. Yellow
Plastic Petersen disk tags were attached with stainless steel
wire to the backs of 2,650 cod, and Lea hydrostatic tags wers
similarly attached to 1,208 eod.

The locations of recaptures to May, 1956, of Miscou
and Shippegan Gully taggings are shown in Figure 8. During the
"sumner" gseason of June to November, 1955, most recaptures were
taken by Canadlan draggers close to the area of tagging. Some
of the cod moved in a northeasterly direetion during this
season. The Gulf fishery stops because of bad weather and ice
conditions during the "winter" season of December to May. But
during this "winter" period the tagged cod contirmed to be taken
along thé Laurentian Channel off eastern Nova Scotia. Most of
these reocaptures were taken by large European trawlers ogerating
in deep water, over 100 fathoms. In the “summer" of 1956 most
recaptures ware again tsken by Canadian draggers in the northern
part of subdivision 4T. It is apparent that these cod support
two major fisheries, one in the western Gulf of St. Lawrence
dgr%ng summer, the other 1n the western Cabot Strait area in
winter,

The distribution of tag recoveries, by season and
by subdlvision, is summarized below. About 20% of the cod
tagged during the summer of 1955 had been recaptured and
reported by the end of December, 1956,

June-December January-May June~-Decenmber

Subdivision 1955 1956 1956

L7 163 1k 255

Ly 2 50 1

Others - ' 2 9 L
or ec . Some of the causes of annual

variations in landings of subdivision 4T cod are considered
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under environmental &nd fishing headings. The environmental
factors are described under "recruitment® and "growth", Effects
of fishing are considered under *landed prize® and "madels™.

(a) Recrultment. At the northern limit of the cod range,
in subarea 1, Hansen and Hermaon (1953) have obssrved that the
yeara with the highest temperatures colnecide with the best
year-classes in cod. CGConversely, at the scuthern end of the
cod range, in suwbarea 5, Martin (1953) has cbsarved that high
yYields of cod were produced when surface temperatures were
below the long-term average, and low yilelds of cod have been
observed when average temperatures during the first year of
development were above normal .

Mean surface water tewperatures ir subdivision hT,
at Batry Island in the Magdalen Islands of yuebec, are compared
with domipant year-classes of cod in Table . Maximum spawning
occcurred in the latter part of June in 1353, bur soms spawalng
was observed as late as August. Mean monthly Zempsratuwes foT
the period May to October (Lauzier 1997) wite averagel oo
obtain an index of the annual varistlon oo msan LeDpers st
during development. It may be noted that tioce of the ©oar
dominant year-classes shown 1n Fipate £ wore prodise? Lo oy
when water temperatures were Lolow the 20 pea aeas :
other than that described in Tigurs 6 ghows L.t - L of
class was also produced 1u subdivision LP Furiog tie: o
year 1939. The 191 year-~lass, wiich was dominan® o
for four years, was produced in the ooldesst waar

Table I. Mean surface temveraiure in deg - =o:
May to October, 1937 to 1997, 5% Bntrs

Temp. Dominant
below year-

Iear lemp. pormal _clags Year Temr, normal  ~laus

1937 12.2 197 1.3 X
1938 12.1 1948 11.2 X X
1939 11.3 X 1949 12,2

1940 11.3 X i95¢ 11.8 X ¥
1941 10.5 X 1951 12,8

1%42 12.9 1952 12.54

13&3 11.k X 1953 12.0

1 11.9 19 11 .4 ¥

1945 12.1 1955 11 .9

1946 11.9 1956 1.7

_—

Mean 1.1.9

A general warming of subarea " waters was ohsioved
during the years 1940 to 1952 (Lanzler., 10%5-%. :

of this trend is apparent ir the table. Threr e
of a reduction in recruitmerr as temperatures
are 3o many year-classes -“rnvolved in the landtr
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year (Figure 6) that landings do not appear to be greatly
affected by fluctuations in year-ciass strength. It should be
noted, however, that the good year-classes, produced in the
relatively cold years 1948 and 1950 were dominant in the peak
landings of 1956, .

(b) Growth. The growth rate of subdivision 4T ccé is of
primary interest in the study of eoffects of epviromments. foctors

and fishing on landings. We have already nitsd that gc:uch wes
more rapld 1in 199% and 19%€ than during the vears .+ 8 oo i082

The causes of thils annual varlation n oTowob atd Lhe ¢f S0
on landings warrant examination.

Two Bertalanffy growth turves, toistner s CLE cpgsbo.on
growth points for Caraquet cod. are shows in Figure 7. The
lower curve represents the averngs gvawti durigg the .rod
1948 to 1952. The unretv curve dss-ribes - fagtar -mopti
obsarved 1n 1956. arowth _-n 1953 canform:d =«

1956, but special samples of sm 1. cod wors - .ot
lncreased growth rate in 19% woa nwsrreic ra -
cod. Eight-year-o0ld cod increaszed fr-m aL .
fresh, hesd-con, gutted welght.

Examination of 337 poreits ' 1oof niiwes o moLn
at which 50% of the cod matured was - "
males and about 59 centimetroa Faur femu 3
continually, but the decrease 15 nurtice .-
maturity.

) Five hundred and [ifiy-. tne
In 195%6. Crustaceans predom!pates P
metres, and fish was the principa® Fooed of
euphausilds and myslds were ths maior 2rusts
contributed 50% by volume of the fish diet
capelin were the other imreortant {ish found -

Herrinag
3 1

i oand

The increased growth rats of vcd apheared to resalt
from lnereased availlabllity of moribund herring. 4 heavy
mortality of herring was cbserved in subdivision 4T In the years
1954 to 1956. It was caused by a fungus, Jchthycsporidium
hoferl (Leim, 1955). During mesh selecti~n studies in 1050
large numbers of dead herring were cbserved in the net, and it
was noted that cod were frequertly rorged witn aeczaylng herring.

The density of cod  as msacarel by cstch et ween ~F
fishing by "Gloucester" class dr=pggsrs. o aased Trop 195 o
1953, as the amount of fishing on this s%r.x ty Cazedlan and
Buropean otter trawlers increased. The remucad density of =od
in subdivision 4T may have had an additive effec* ir increz.eling
the growth rate.

The increased growth and increasing average size LEE]
agsoclated with increasing landings in thz years 1955 and 12°8.

i
Landinge did4 not increase in numbers 1u 17.6, but the largsr

B4
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sizes of fast-growing c~d brougnt about a sulstanti:l increass
in landings by weight. Landings iu Quebew, New Brunswick, and
Prince Edward Island totalied 118 m*ilion Lenads, guited welght,
the largest landings on record.

(¢} Landed price. 1Ir order %o follow up Gordor'e

contention that economic factors centribute to cateh fluctua-
tions in cod, average price per hound to New Brunswick Tishermen
1s plotted 1n relation to landings in Figors S. Price fiuctua-
tiong did not appear to hsve - orcnounesd affect on post -war
landings. Landings and price wars beth ~clatiwely low “a 1353,
but the peak landings ir 1954 hed with s pest-owar

average price per pounsd v f'-rera.ar

Landings were low Auiine the sucoT pLzowar nE rregslon
iIn 1921, and during the macor 3 vt Lhe L1007 Landings
and prices were Telatively Yipt Svciie o jary - yerre «f aann
World War, during the 1920 - a1 7o 1.4 Lo WOt Kay G

Fishing effort and Lattomps ey e Meented ooy
depression vears. However. cGuring ye.rs wineqa fish tiz e ars
relatively high factors other thar landad priiae appear wo w
responsible for large fluctuaticns <r Tondings .

(d) Models. Over and ahove *h o foo1. o
growth and landed price ov land! T e

we must congider the effec:a of
yield.

It ds beliusve? =0 v oy e = >

of small cod &t sizes wt d : S
ratural causss. The adv
Sutdivision LT crd incrense ..
up to the smallest markaetatle s-. -
believed to We greater than rot 7
Tt was on this bsgis that -he AT
nesh size tc produce a larger w0 o
cod. The advantages of meslh Sizes mies
to be considared.

It order to copglder the siferr: of Fliciag on landtugs,
8 geries of mcdels have been calc.uimied Figure i'} The impor-
tant variables involved are size =t firse capture apd fishing
intensity. Relative yields of ~od have bezr determined for twe
levels of natural mortality, two growth rates, Irur mesh sizes,
and a series of Tfishing mortalities. Yield 2urves have besrn
drawn for the four mesh sizes, and lines reprasanting threes
levels of catch-per-unit-effort are shcwn for each model.

Yields were calculated on the basls of 10,000 fish,
fully recruited to the fishery at 30 scentimetres. As noted im
Filgure 7, full recruitment at such a small size was not the case
in 1956. Further studies may show that 2alculations should be
based on a8 much higher size at recruitment, for it is known
that ecod are differentially distributed by size. and that small
cod are not as available to commercial fishermen as small haddoek.
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Age composition and tagging atudles are stiil inadequate
for good estimates of mortalities. The size and age compositions
for the periods 1948-49 and 1950-53 suggest estimates of 15% and
30%, respectively, for total mortality. An estimate of total
mor%nlity rate for the period 1955-56 was only 22% for ages 5 to
10 yeara (in 1955). This relatively low value resulted from the
fact that abundance indices of two year-clagses of large cod
actually increased in 1956. Returns from the 1955 tagging in
this an;; are incomplete. Preliminary analysis suggests that

the tofal instantaneous mortality rate for tagged fish was

about: .60 (45K)., The true total instantaneous mortslity rate,

as détermined from age analysis, appears to have increased with
the development of otter trawling to about .40 (33%). On these
assunptions estimates of instantanacus tagging, natural. znd
fishing mortality rates in 1955~5¢ were each .20 (15%). Models
have been caleulated for instantaneous natural mortalities of

+12 and .20, in order to cover the probable range of rnatural
mortalities.

The two growth rates used in Figura 10 are btaged on
the curves for 1948-52 ang 1956, shown in Figure 9.

Selection curves for 2§, 44, 54 and 6% inch mesh nets
(ICNAF measure) ware approximated by straight lines, with 50%
retention lengths at 22, 38, 46 apd 5t csntigftres, respectively,
to provide recruitment data (McCracken, 19579,

. An examination of the models shows that changes in
growth or natural mortality can be expected to have marked
effects on the stabilized yleld. With a b inch mesh, at
instantaneous natural mortality rate (M) = .12 and instantanecus
fishing mortality rate (F) = »2b, an increase in growth such as
that observed in 1955-56 would increage the yield by about 4o%.
4 decrease in natural mortality from .20 to .12 would have a
similar effect on y1eld at the fast growth rate.

If growth and natursl mortalities remain constant, a
change in fishing intensity can be expected to affect the long-
tern yleld. Lines of equal landings per unit of effort have
been drawn in order to see the relationship between total yleld
and catch-per-unit-effort. Catch-per-unit-effort decreases
continuousgly =s fishing intensity is increased. Total landings,
on the other hand, increase to an optimum and then decrease with
increased fishing. Sueh information is ugseful for a consideration
of greatest profit to fishermen, consistent with maximum Jandings.

For given growth, natural mortality, and fishing
mortality rates, the yield increases as mesh size 1s increased.
Ihe models show that the optimum mesh size is wall above 64
inches if growth 1a fast, or 1f growth is siow and fishing
intensity is high. With slow growth and low fishing intensity
optimum mesh size 1s sbout 54 inches,

The caleulated yilelds are based on catches rather than
landings. They do not take account of the fact that gsome small
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cod are discarded at sea. Wherever such wastage at sea iz
substantial, the gain in yleld with large mesh nets will be
greater than that shown. 8Since Tne proportion of ccl discarded
1a small as compared with haddock, we have :hosen to {gnore thils
added advantage of large mesh nets in the aodels.

The fluctuaticns . landings of subdivision %7 204
{(Figure %) are consistent wit: the 2ffect: of filsning irntensity,
size at first capture, znd g.. =) rate snown 1n.the mdels.
During depresslon vears pr; 4rd Gandings were ralatively low.,
During war yearsg rnrices inc Cowind lendings Incrazsed
toward the cpticum. It L= ag- me” i vihing Internd
Increased with better pri.as iu oo 47 years fishing
intenslty increased, anil the =jize at TF oeapture was redus.
as a result of the largc-sc sivereton dron Ltas Dleblng o

otter trawling. During thic revisd Cotand!in as? caten
per unit of effor:t decresgwd. i S el 2l ; LY
rate 1ncreased., anid landings 1. vwane i T L roear i Tawe T

On the basis of these ztudiee of modaels nrd 10a rasrvory
of the Tishery, 1t 1s predictec that Lhe av=rope Al aasd oy L0
can be 1lncreased by inecreasing wssh size el e e Wk oinod
mesh size presently accepted for :=abarea 4. e o ontimur mesh
size may be well above €4 1nches, ©ui rova jreolae Caformat
on meortalities 1z needed befcre 1o © : Tttt
can be determined.

1t #1131 be fmpossitic to mezoio e fon efTelt T o i
ineh mesh size un landlags of s et 0T o Covw
the =mall quantitiss of f£izh 4
trawiers in 195¢ wi1ll be save:
will be small compzred witl: T
variation In recruliment =nd grow: Lomanh L
would have to be adopted to praduse o m2usarable «!r
landings.

[£1

Bubndivision 4% cod

Landings. Host of the cod cognt Lo osntT Il
been landed 1n Canada, and most of the Lonaldian landiigs buve
bean in Shelburne Tounty, Fova Scotia. Sitatisticr 2f landings
for the years 1938 to 1956 from the inshors greounds off Shelburhe
County (statistical unit area “X0, Including Roseway Bank) are
shown in Figure 11. United States landings from these grounds
have been relatively small throughout the p=ariod, and they have
been less than one million pounds annually since 1946, Total
landings varied between 10 and 1% miliicn pounds arnually during
the years 1938 to 1942, and 1947 to 1956. but they ware hetween
16 and 18 million pounds during the years 194l to 194é., As noted
above for subdivisiom 4T, and for gsubare: 4 as & whole. landings
were unusually high at the end of Werld War IT.

The proportion of largz cod o
hesd~on, gutted) caught off scuthsrn Hov. Toztis ‘Flgar

0 pounds f:‘-ashi
 #!3 taken from Unlted States statistics o landirngs at

110

£
tr

B 10
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major New England ports. As in zubarea b as a whola, the par-—
centage of large cod increased guring the latter part of the
war, and the proportion of large rod was exceptionally high
during the years 1946 to 1948,

Flshing effort records have heen 2cllected for mere
than half the boate landing at Lockeport, Shelburne Jcunty, sinte
1946, Landings by market categories, and numbers of tubs cf gear
flshed have been recorded. A tuc of gear represents an averags
of eleven 50-fathom lines, with about 50 baited hcoks per iine.
The annual variation in landings per tub iy shown in Figure 11.
This index of abundance was highest when landings were highest
in 1946 and 1952. Catch per tub of large cod, over 10 pounda,
varled in the same manner as that of total coév

ﬁﬁggi_ggg_ggﬂgg The average sizes and ages of cod landed
by hook-and-line fishermen from subdivision LX differ Za many
respects from those landed by draggers from subdivisiun bT

(Figure 12). In general, the average length has been considerabiy
smaller than that of Caraquet cod, and the modal length has bsen
in the scrod market category, below 2% pounds, fresh, gutied
weiglit. Size composition has been more siable during the yaars
1948 to 1955 than that observed at Caraquet, New Brunswick,

The comparison of size compositions of Lockeport and
Caraguet cod becomes more meaningful when interpreted in the
light of age composition atudies. Approximately one fifth c¢f
the cod measured were assigned tc age groups by examining threlr
otolitha. The cod fishery off Lockeport depends on much Founge .,
fish than that off Caraquet. Three-year-old cod nontribute
substantially to the fighery, and cod over 6 years are of smell
importance. As in the case of size composition, age compositicn
hasz been more stable at Lockeport than at Caragast,

The size and age compos:tlons described represent
thogse for the quarter November to Janua:y. Thera arz scme
geasonal variatlions in sizes and ages of cod at Lockeport.
During the months of February to April. larger cod are landad,
although young, k4-year-old fish frequently dominate *he landings.
The older, mature cod spawn during this quarter. The propcriion
of large cod ls considerably lower in the second and third
quarters of the year {(May to October) but b-year-old cod con-
tinned to be dominant in landings. By the fourth quarter,
November to January, younger, 3~-year -old cod normally contrihute
the largest numbers to the fishsry,

flzes digcarded. There i1s little information available
concerning the quantities and sizes of cod discarded at sea on
inshore erounds off Shelburne County. It has been noted above
that most of the codtiakeén from this ares have been caught by -
balted hooks. The smailest hooks nsed commercially for cod and
haddock fishing in subarea 4, #17 Mustad or #6/0 Pfleuger, are
used at Lockeport. Fishermen have claimed that negligible
quantities of cod are discarded at sea as too small for mar-
keting. Studies of hook selection by MeCracken (1957 support
this contention; in that the smallest cod taken with #17 hooks

B 12
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Figure 13. Growth in length of cod landed from inshore grounds
at Lockeport, N. S., by line fishermen during the years
1947 to 1956. Observed average lengths and a Bertalanffy
growth curve are shown for the February to April quarter.
An equlvalent weight scale has been added.
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were 31 centimetres long. Very few cod wera gsmaller than the
smallest 36 centimetre cod 1n commercial laadings.

In 1953 a few observations on di:cardg were obtained
from date collected during bait experiments at Lockepert ‘dartlin
and MeCracken, 1954). 1In April, 1953, a sample of <od measuved
at ses had a mean length of 62 centimetresz. and “43% of the fiab
woere of scrod size, below 49 centimetres. A commer¢ial sampls
taken at Lockeport at the same time had : mean lengtn of 65
centimetres and 19% of th: fish were scrod.

Some cod are discarded =% sex in the southern Nova
Scotla area, but the proportion wasted is much smaller than
that observed in dragger fishing off northersn New Brunswick.
The proportion dlsdarded by line fishing 1s belleved to be
small. The proportiom discarded by cotter trewlers in subdivision
LX 1s unknown, but we do know that the tolal wateh by this method
is relatively small, and the proportica of lsrze fish {crer 10
pounds) in the landings has averaged about 504 by weiznt duriasg
the past 20 years. Most of these trawl ccd wers caught 1in deep
water, Incidental to fishing for redfish.

Qrggth. The growth rate of southern RNova Scotia <23 1
described in Figure 13. Since no change in growth Tate comparail=
with that of subdivision 4T was observed, cne growth curve s
shown, representing average growth during *the years 1947 te 19%6,
The February to April quarier was selscted becausz It was a perlod
of good sampling, growth stagnation, and large rnumbersi ol yesr-
claggses. A Bertalanffy growth curve wa: calculated from the
observed mean lengths of each age groug.

Examination of 325 gonads collested ai Freeport, Nova
Scotla, from subdivigion 4X cod, showed that the size at wulcl
50% matured was about 66 centimetres for malzese and about 7O
cantimetres for females. Growth rate appesar: oo decreale mors
rapidly beyond maturity, at 6 to 7 years,

Cod have been longer for a given age in landlngs from
subdivision 4X than in those from subdivision 4T, even in the years
1955-56 when ¢od growth in the Gulf of St. Lawrence wes mczt vapid,

Growth in weight 1s fastest in young ccd. Growth does
not drop below 50% by welght per year untll after the cge of ©
years (58 centimetreg or 2} pounds). It will be noted below tiat
losses by natural mo*tallty are much smaller than gain by growth.
It 1s accordingly believed to be advantageocus to leave small,
fast-growing cod in the water until growth begins to slow duwn.
The best size for first capture is undoubtedly well above ths
smallest sizes now landed from scuthern Nova S¢otla grounds.

i « The distribution of recapturez from the only post-
war tagging of southern Nova Scotia cod in June tc¢ Octover, 1393,
is ghown in Figure 1M (McCracken, 1956). Recaptures were mainly
taken by line fishermen from neighbouring inghore grounds. Ia
contrast to the extensive seasonal migrativns of cod observed

B 14
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in the Gulf of St. Lawrsnce, the Lockeport taggirg indlcated
no pronounced seasonal movements. However, more cod were
recaptured deepsr, at zbout 50 fathoms, during "winter: monmths.

There was a considerable amount of seasonal variation
in the numbers of tags returned (Table 1I). Moat tags were
recovered during "summer” months. Although large quantities
of cod were caught during the "winter" season, the numbers of
tags returned then were wvery small. The results of pre-war
" Hagging by McKenzie (1956} indicate that the cod that move
- into the Lockeport ares during the *wictss" months live to

the east of the Shelburne County area in ‘nshore waters during
Ygummer" months. .

It appears that thls southern Ncva Scotia od fishery
depends largely on a resident stock of 2¢d which dces not con-
tribute to the cod fisheriss of other aress. The fishery daring
"winter" months takes large numbsrs of cod which move inte the
Lockeport area.

The number of tag recoveries, ty type of tag and by
season and year, ls summarized in Tabie I[I. The intensitvy o
the fishery, ané the high importance of fishing mortality,
relative to natural and tagging mortality. 19 shown ty the fast
. that $0% of the disk tags have been recover=d,

Table II. Recoverles from cod tagged off Lockepcrs. M. S il
May to Octobaer, 2953.

Recoveries from 608 disk tags.

Xear May-0Oct . 0¥, =Anr Total
1953-4 171 (26%) 65 (11%] 236 (39%)
1954 -5 10% 6 111
1955-6 3 1
"1956-7 L 1 5
Total 288 (474) 75 (12%) 6% (60%)

Recoveries from 933 Lea hydrcstatic Lags.

%85 —;v 1;; (16%) 7g (8%) zgg (24%)
1995-6 3 0 3
195647 1 0 1
“Potal - 233 (25%) 78  (8%) 311 {a%%)
ctor fact inga. Some of the effects of tha

environment and fishing on landings of cod from subdivision 4X
are ¢ongidered under the headings "recruitment”, *landed price®
. aad “modelh,

c2



- 30 -

n'D L T N TEMPERATURB
Dk 7 -
® o
1 Tha)
42
85 s .
L&}
30 W1 T B3\ s 'y g " oer sy ' ogg |
ﬁ 20 - \\ .
[«
Age 3
- ~ 7
o LANDINGS
n 30 PER TUB
2 Ve
é 20 Age L <
10} -
300f -
=
;]
-
[
o, 200} -
2 Total
iy ™  YEAR-CLASS
A CONTRIBUTICNS
g 100 | / i
= Ages L-6
'1;1 v 1113 ' ll.,% ) |1+17 ' n+r9 0 ls‘l ! l5"3
Year-Class i
Totsal
200 } N LANDINGS
w PER TUB
=]
g St k/
23
™ 100 | -/\__//\/)/‘—’4 i
Bw 1.0 o ]
o i
oA TOTAL
gg 0.5 LANDINGS 4
[l g ] I iy i

1 -y
'51 153 95

Year Landed

Figure 15. Annual mean surface water temperatures at St. Andrews,N.B., in
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per tub of gear fished by year-classes on inshore grounds off Lockeport,
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(a) Recruitment. In the southern Nova $octia area cod pgirow

rapldly. They enter the fishery in largs numbers z: ths age of

3 and most of the cod dile, largeliy because of fishing. by the

age of 6. Under these ¢ircumstances, 1= ha: peen rossibie in 10
years to examine the abundance of a aumber of ysar-claszes Just
after recrultment to the fishery. Fcor a few year-classes we

have determlned the total rontribuation 7o the "Lockencrt® fishery.
Recent fluctuations 1ln year-clars: ztrength sre so0ny:
relation to mean surface woateT . SmBeTa’uies o0 hLhe
and in relation to landings onn “ne othar,

Indices of abunda- o 00 -nppl
Lockeport, Nova Scotia, ars
the "wlnter” months ¢f kovembe
fishing has Yeen caJrian ~ug ir s
of abundance, therefere, rafer :
Sampling has been more ~rtsnalv-

Filuctuations 1n yea
relation to water temperatuar: Lo
variaticn in water temperatur i '3 represen o=l lral
surface temperatures at St. ands-wa, New Broyzei~k. 1 ocon
division 4X. Hachey and #=zLellan {163

3o hmee ghiown Lol thess
temperatures are generally indicative <f variations 17 the
surface water conditions over the mal . portion of the Atlanuas
coast of North America. The tempersivre 3cale haz been reversed
for convenlence in conslderation ¢f the relatlcnsh:p bavwess
temperature and recruitment. Irndices 1 oundaqce of
classes at recrultment to the fishery sre repressnted
in numbers-per-tub of 3~ and Lk-year-old ccd by part of as
Lockeport fleet of boats ir the months of Novenber o 417130
Gontributions of 4~ to E-year-old cod are showr {67 t': ygar-
clasmses 1943 to 1950, and total contribuiicns aTe showr Tol Yoz
year=classes 1943 toc 1947. Landings in pounds per-iuo .f-g2av
fished, and total landings by the "Lockeport®” noats inrolved
this s&udyg are recorded for the y:ars 1947 to L9556,

There wag a clese relatiocnship betweern variztions 1n
temperature during development and varlatienz in tae shundanca
of cod recrulted to the fishery (Figure 1%). Recruitmeri wasz
relatively high when water temperaturcs wers rslativy
Conversely, recrultment decreased during relatively =
However, i{ ghould be neted that altheongh watesr temp
increagsed during the 1943 ¢ 1950 perizd, raecr.oitment
show a similar gradation. Some such fact.r as warlat. n o6
spawning time might be of i1mpertance hersa,

Fluctuations 1in total contrifutiors oI R
0ld cod conformed with varlation: in zpund-nce 1ndllics a4l
reeruitment. Total contributions of year-classes also varied
8 similar manner, but the 1943 vear-clazs zuntrituted more old
cod than subsequent year-classes, possitly berause of less
intensive fishing.

¢
~3

4

These fluctuatilons in year-cLuos =tLrengih oW the
game pattern ag variations in weight landed par=tub-of-go:
fished, and in total welght landed (Figure 15}. In this

ca
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comparison the landings are out of phase with year-classes by

4 years since 4-year-old cod are normaily dominant in landings.
Varlations are not expected to correspond closely in such yaars
as 1947, when landings included more old cod. Fluc*uations in
landings by the "Lockeport® boats conform with the rariatnions in
total landings presented in Figure 11.

It is concludegd that annual varlation im year-¢lass
strength has been a factor of primary impurfanie iIn posi-way
fluctuatlons in landings of cod Jrom the southern Nova Stolia
area.

Year-class strength has been —orrelated with water
temperatures, but the relatiorship is not fuily undsrstcod. Cod
larvae may have a better chance for survival in this zrea when
water temperatures are relatively low. Alteripatively, the basiz
factor involved may be amnual variation in the movement of water
over the Scotian Shelf during the early peliagizs life of ¢od.

(b} Landed price. Landings of inshore cod in Shelpurns
County have been positively correiated with landad prics. Annual
landings varied between 99 and 171 miilion pounds whan landed
price was 3 to L cents per pound. Landings varied tetw=an 5. and
132 million pounds when landed price was 1 to 2 cepts per pouad.
In general, both landings and landed price have Incresnzcsi during
the perlod 1921 to 1953. Az observed by Gordon (19951 flastuaticas
in cod landings have been partlally affe.%ted by economit facters.

The average annual landed prices of rod (o Sticibures
County are shown in relation *o landings fo7 the nericd 1933 to
1956 in Figure 11. The highest landings werc made whsn landed
prices were highest, but landings and landed price were not
clogsely correlated during this wartime and pest-war paviad.

A8 noted above for subdivision %I, landings >4 lanc2d
price of cod were lower between the two wWorld Wers then thel
were during and after World War II. Although iandings have been
correlated with landed price, 1t 1s clear thal cther factors
have been responsible for large fluctuaticns in lardings.

{e) Model. 1In order to consider the s=ffects ¢l size at
first capture and fishing intensity on the yield of subdivision
LY cod, a mcdel of the "Lockeport! cod fishery has been drawn np.
It is presented in twe forms in Figure 1lc. Belative yilelus of
cod have been determined for ore level of uatural mortality, omne
growth rate, four sizes at first capture; and five levels of
fishing intensity. 1In one panel an isopleth mcdel is shown.

In the other, yleld curves are presented for the varicus slies
at first capture, and lines representing three levels of catch-~
per-unit-effcrt are shown.

Yields were calculated on the basis of 10,000 cod,
fully recruited to the fishery at 30 centimetres. Ag noted
above, thls 1s the size at which cod first enter the (ommerclal
fishery in southern Nova Scotia. Cod are normally not Iuliy
recruited until they reach a length of sbeut 45 centimetras.
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A 50% retention length of about 40 centimetres would appear to
deseribe the selection of "Lockeport™ c¢od. Because of the lack
of precise information on discards of cod, we have chosen to use
af%owzrdsize for recruitment. The general concluslons are not
a acted.

Paloheimo (1957) has used the catch-per-unit-effort,
age composition, and tagging data described above to determine
natural and fishing mortalities of "Lockeport" cod. The total
instantaneous mortality rate was estimated to be about .60 (45%)
for the “aummer" seasons. This gave values of .07 (5%) for
instantaneous natural mortality rate and .53 (40%) for instan-
taneous fishing mortality rate. Since this does not take account
of tagging mortality, an even lower natural mortality rate is
implied. A consideration of confidence limits places tha
instantaneous natural mortality rate between .00 (0%) and .20
(18€). Fishing mortality was high during the months of May-
August, and low during the rest of the ysar when fishing moved
to deeper water, and a different population of cod moved intoc
the area. The estimates of mortality rates were further
obscured by the sudden decrease in numbers of recovered tags 1n
the second and third years after tagging, possibly because of
losses of tags under conditlons of rapid growth. The instan-
taneous natural mortality rate used in the model was .20.

The growth rate used in calculating the model was based
on the Bertalanffy curve shown in Figure 13.

The 508 retention lengths of 30, 38, 46 and 54 centi-
metres correspond with mesh sizes of 3#, hi %f and 64 inches.
Most of the "Lockeport"™ cod are caught on i? Mustad hooks
and these have a 50% retention length, comparable with a H} inch
mesh, at about 38 centimetres (McCracken, 19579).

4 point describing the estimated post-war size at
first capture and fishing intensity 1is marked on the model.
The model shows that catch-per-unit-effort and landings can be
increased by decreasing fishing intensity, or by increasing
size at first capture. The greatest benefit 1s expected to
result from an increase in size at first capture. This might
be achieved by using a larger hook size in line fishing and a
larger mesh size in otter trawling. If the instantaneous
natural mortality rate is lower than .20, we can see from
Figure 10 that the benefit of reduced fishing, or larger hook
and mesh sizes, would be greater than that shown in Figure 16.

Since data are lacking on the effects of density on
natural mortality and growth, optimum size for first capture
has not been estimated. Only the direction of change for
greater ylelds i3 clear.

The wartime increase in landings, shown in Figure 11,
is consistent with the effects of changes in fishing shown 1n
the model. During the years 1942 and 1943 fishing by United
States otter trawlers declined. In Canada, the number of men
fishing and the number of tubs of trawl, as shown in annual
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flsheries statistics for Shelburpe Connty. desliined zubstantially
in the years 1941 to 1943. The net result was a decrease in
fishing effort, a possible net increase 1n size at first capturs,
and a siight reduction in tctal landimgs. I 1944 to 1646 the
yield was substantially above the long-term average, -~ateh-per-
unlt-effort was higher than during post-war year:, and the
average size of cod increased. In post-war years, as [ishing
Intensity increased, landings, catch-per-unit-effort., and average
size of cod reverted toc pre-war lZevels.

It might be argued that a few good year-ciasses couid
have produced the increased landings ohserved during the latter
part of the war. This appears unlikely since landings Iincreased
during the same years in subdivision T and in subarsa 4 as a
whole, as in subdivision 4X, and the year-:lasses invoived must
have differed greatly from one area to arother hesauze of the
very different growih rates in the dirferent populaticag.

On the basies of these srtudier of 3 model and of the
history of the fishery, it is predicted that the Long-tern
sustained yleld could be increased in subdivigior 4X by increasing
hook and mesh sizes, or by decreasing fishing Intensity.

Management

Now that 1t has been predicted that the optimum c£iic
for first capture of subarea Y cod is considerably higasr than
the 38 centimetres retention length already azzepted by ICNAF,
it is desirable to give consideration zo ucme of the practizal
problems involved in a further increase in gear sele<tion. 1o
the first place, we are interestsd in the equivalent mesh sizas
and hook sizes for a series of cod sizes which have commercial
or biological significance. BSecondly. we are <¢oncerned with
the effects of advantagesus changes in cod-fishing gear on oiher
species which are caught with cod.

In Table 1I]1 a series of cod langthz are listed which
have commercial and biclogical significance. The mesh and hook
sizes which provide 50% retention of fish at these lengths are
also listed. The data on selectlon factors for cod with manila
codends, and 50% retention lengths for cod with a few of the
standard commercial hooks, are taken from MaCracken {1%57). Hse
has shown that the selection factor (50% retention length/
equivalent manila mesh size) for cod is about 3.3, and that the
smallest standard commercial hook size, #17 Mustad, is approxi-
mately equivalent in selective propertles for ¢od to a hg inch
manila mesh size (ICNAF measure).

The 44 ineh mesh size accepted for subarea 4 and the
#17 hook size select cod at the smallest marketable sice of cod
in Canada. Since smaller c¢od are not normaliy taken in very
large numbers by the commerciai fieet, the protection offered
to cod by this gesr selection is small anl the advantages ars
not measurable.
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The 5% inch mesh and #!4 hook sizes have a 50%
retention length for cod at about 46 centimetres. This fish
slze 1s iIn the low-priced, small (scrod) market category. It
1s predicted that selection at this fish size would have little
immediate effect on total landed value of cod, and that the =
long-term yield would be higher than that observed under present
environmental and fishing conditions.

A 6% inch mesh and a #12 hook would release all the
gerod and the smallest medlum cod. For subarea 4 as a whole
the total landings and total landed wvalue are predicted to be
gti1ll higher for sslection at this level. Only under conditions
of low fishing intensity would we not expect ineéreased landings.

A 7% inch mesh and a #11 hook would provide a 50%
retentlion length for cod at about 63 centimetras. This length
is c¢lose to the Canadian cull hetween small and medium markat
categories for green-salted cod (about 5 pounds fresh, head-oa,
gutted welght). The optimum size for first capture of cod may
well be this high in subarea 4 but more information is needed. .
It 18 of interest to note that the 1956 Report of the Ad Hoe
Committes of the Permanent Commission claims an optimum mesh
size fop.NorthiBea cod of about 200 millimetres (8 imches). .

fﬁ%tn*gtneral then, size at first capture of subasrea %
cod can be increased to a% least 50 centimetres with a small
immedinte loss in total landed value and a substantlial long-
term increase in total landings of larger, more valuable cod.
This increase can be achieved with a mesh size of 6 inches and
a hook slze of about #13 Mustad.

If size at first capture of cod were inereaasd to 55 s
centimetres by controlling the sizes of meshes and hooks, what - -
would be the effects on landings of cother groundfish gpecies? CE
In order to give superfieclal eonsideration to this.frpblem, ST
subarea 4 landings of groundfish by species, subdivisdons, and
countries have been summarigzed for the ysars 1954 &nd 1955 \
{Figure 17). L

In the Gulf of St. Lawrence area (subdivisions 4R, 48
and 4T) the dominant species 1s cod. Haddock is of relatively
low importance In the area, and almost all the catch is taken-
from the southern part of subdivigion 4T. The redfish catch
1s substantial, but this species 1z caught in deep watser by
otter trawlers fishing specifically for this speciea. Negligible .
quantities of redfish are landed with landings of cod. Largs

catches of flounders, mainly American plaice Hizfgglﬁ;ﬂgiﬂfﬂ L
Rlatessoides (Fabricius), are taken from sub&iv sion incidental

to dragging for cod. The only other spscies of importance in
groundfish landings from the Gulf of 5t. Lawrence is hake,

nzgﬁhxigg ggnn;g (Mitehill), most of which are caught on baited
hooks the southern part of subdivision 4T.

In subdivisions 4V to 4X, which include the offshore
Nova Scotila banks, the species composition of greundfish landings
is more mixed than that of the Gulf of St. Lawrence. Haddook: snd
pollack are of much greater importance. In fishing for cod, haddoeck
‘amd f£lounders contribute substantially to the total landings.
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Flgure 17. Groundfish landings for the years 1954 and 1955 from
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Species composition of these groundfisgh landings
differs from one country to another. The Eurcpean countries,
France, Portugal and Spain, have beer primarily ilnterested in
cod, and particularly large cod, for salting. The United
Sta%es has been most interested in redfish and haddock during
recent years. Canadian landings have been primarily cod. but
about half the total groundfish landings have been other
specles, with haddock second to cod.

In recommending & 4% 1nch mesh size for haddock
fishing in subarea 5, Graham (1952) has pcinted out that this
is but a first step 1n management. A second step to about 54
inch mesh (age 3 years and 50% retenticn at 44+ centimetres) has
been asdvocated by sclentific advisers to ICNAF Parel < %o
further increase haddock landings. Optimum size for first
capture of subarea 4 haddock may slsc well be sbout 44 canti-
metres (equivalent mesh size 54 inches and eguivaleat hook
gize #17) (Doc. 8, ICNAF, 1955). An Iincrease in mesh size
for subsresa % cod to 5% lnches is thus expected to have &
beneficial effect on landings of haddock. The egquivalient hook
gsize for cod (about #1l4 Mustad) might te too large for haddock
fishing, but this may prove to be of little concern since most
of the subarea 4 haddotk are now caught in otter trawls.

Subarea 4+ redfish are of little concern here sincs
they are mainly caught independently of cod and haddock.

MeCracken (1957 )has demenstrated a sele¢iion factor
of 2.0 for plalce taken In manila codends; and similar selec-
tivity for other flounders. The minimum size of plairce culled
for commercial landings in Canada is about 35 centimetres.
Under these eircumstances, none of the marketable slzas of
plaice would be lost to commerclal landings bty adopting a mesh
size as high as 64 inches. A similar concluslon presumabl
applies to other offshore flounder species. Since most flounders
are taken in otter trawls, hook selection 1s of little concern
for these speciles.

It 18 concluded that landings of the other malor
groundfish species would not decrease by the adoption of a %%
or 6 inch minimum mesh size in otter trawls used for cod-flshing
in subarea 4. 1In the case of haddock, such action would probably
increase landings.

Besearch

Fluctuations in landlngs of subarea 4 cod have been
related to both environmental factors and effects of fishing,
but their relative importance 1s not yet c¢lear. There ls need
for intensive research on cod and other groundfish species to
permit more precisa predictions of landings and improved
astimates of the effects of restrictlons on fishing practices
on the maximum sustained yleld of cod and other groundfish
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Research should be intensified along the following

3tatistics —- (a) Statistics of past landings by
Buropean vessels should be obtained from log books
and landing records of individual trips.
(b) Indices of abundance should be
studled thoroughly in order to obtailn a better
understanding of fluctuations in stocks.

Sampling -- (a) Better data are needed on the size
and age composition of stocks and landings.
(b) Information on the quantities and
silzes of groundfish caught and discarded at sea 1is
required particularly.

Ecology -~ (a) The pelagic and deep-water distribution
of groundfish is not sufficiently well known. Further
exploration is needed to determine the relation of
fishing to total stocks.

(b) What are the environmental factors
controlling the distribution of groundfish?

Recruitment --(a) What are the effects of temperature
and larval drift on the strength of year-~classes
entering the fishery?

{b) Under what fishing conditions can
wo expect optimum long-term recrultment?

Growth -- (a) ©Special sampling of small unmarketable
fish 1s required for more complete growth curves.
(b) To what extent 1s growth dependent
on climate, food and density?

Ratural mortality -- (a) It is important to determine
the magnitude and varilations of natural mortality at
the smallest fish sizes now caught, under conditions
of reduced fishing intensity.
(b) 1Is natural mortality density dependent?

Fishing mortality ~-- Tagging studies should be continued
to provide data on mortalities.

Food -- What 13 the extent of annual variation in the
ahundance and availability of groundfish fcod supplies?

Competition -- A study of fish food of wvarious sizes and
specles of groundfish will provide data on competition
and predation.

Selection -~ The selective properties of various hook
sises and of trap nets are poorly understood.

Models -- The effects of sigze at first capture and
fishing intenaity on long-term landings from repre-
sentative populations of the major groundfish specles
can be better understood by the construction of models.
There 1s need for more intensive work in this fleld.
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A research program of thiz mugn:ituede Lz expensive
and long-term, and predicticns oI the ={fe.ts o7 managemen®
of the figherles will 1mprove wvavy slaswly. In asome :ases
the process can be speeded cp by consiioring the odds im
favour of restricting fishing oparations, ard on this hasis
introduce experimental regulatvions which .an ba adjusted in
accordance with observed changes in ths ficherfez. This has
been the approach to management of subzrea 5 haddeck, and the
principle should be extended tc subarea “ -od, If metheds of
measuring the effeects of managewent can be Jevsloped. Hesearzh
effort should accordingly te concentrated on projects which
will provide base-llne Information in sufiicient detaii ts
permit evaluation of the effects of maragement. From this
point of view, we should place research em;hasis on detalled
statlstics and sampling of <cmmercial -aschez, and *he
relation of these catches to total stosgs. The elfz.%ts of

environmental factors on landlngs shousd be determinsd a:
precisely as possible in order ty improvs tne #vzl avio~ ol
the effects of changes in size st firzt cipture or fi:nlag

intensity on the yleld from the flshelic:.
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